We first introduce fuzzy finite Markov chains and present some of their fundamental properties based on possibility theory. We also bring in a way to convert fuzzy Markov chains to classic Markov chains. In addition, we simulate fuzzy Markov chain using different sizes. It is observed that the most of fuzzy Markov chains not only do have an ergodic behavior, but also they are periodic. Finally, using Halton quasi-random sequence we generate some fuzzy Markov chains which compared to the ones generated by the RAND function of MATLAB. Therefore, we improve the periodicity behavior of fuzzy Markov chains.
Introduction
The main motivation of this paper is to begin the expansion of fuzzy Markov chains based on possibilities. A reason is that one might prefer subjective possibilities over subjective probabilities to model the uncertainties. Markov chains are important tools for solving practical problems. Their applications for many problems with successful results are well known. The fuzzy Markov chains approaches are given by Avrachenkov and Sanchez in [2] and also [8] by using the max-min operator on fuzzy sets to find their fuzzy stationary behavior. The theoretical distinction between the fuzzy Markov chains and classic Markov chains lies in the functional form of their max-min operators.
This paper is divided into five sections. Section 1 is an introductory section. In section 2 some concepts of fuzzy Markov chains and their properties are defined [1] and [2] . In section 3, a linear transformation of the fuzzy Markov chains into a classic Markov chains is given [7] . In section 4 of this paper, we employ Halton quasi-random sequence to generate membership functions of fuzzy Markov chains. At last in section 5 we simulate and compare the generated fuzzy Markov chains obtain from both Holton method and the MATLAB RAND function, and finally the section 6 presents the concluding remarks.
Basic definitions of fuzzy Markov chains and their properties
The definition of a fuzzy Markov chain is based on a squared relational matrix represents the possibility that a discrete state at instant t becomes into any state at next instant 1 t  as follows:
is a fuzzy distribution of the process characterized by a membership function. In this paper, we use the basic definitions about fuzzy set given by J. Buckley in [3] . The transition law of a fuzzy Markov chain is given by the fuzzy relational matrix P at instant , 1, 2, , , t t n  as follows:
where i and , , 1, 2, , j i j m  are the initial and final states of the transition and (0) x is the initial distribution. Also,
1 . [9] showed that the powers of a fuzzy matrix are stable if it is used the max-min operator. More information about powers of a fuzzy matrix are, see in [2] , [5] , [4] . Now, a stationary distribution of a fuzzy matrix defined as follow [7] . 
Converting a fuzzy Markov chain to a classic Markov chain
The scalar cardinality and the cumulative membership function of a fuzzy set is used to define a conversion of fuzzy Markov chain into a classic Markov chain [7] . 
Note that in the probabilistic case ( ) 1 F  while in the possibilistic case 1 ( ) . 
This transformation obtains a matrix P whose elements satisfy all basic properties of a stochastic classic distribution function, i.e.
In this way, it is possible to show that all elements of P obtained from P by using 
Simulation
We present a simulation on fuzzy Markov chains to identify some characteristics about their behavior based on matrix analysis. Algorithm: Now, using the linear operation given in section 3, we simulate the fuzzy Markov chains. (Table 1) and Halton quasi-random sequence ( Table 2 ). Number of runs: 100 runs are simulated for per each size of P . Figure 1 . Strong ergodicity, weak ergodicity and periodic chains using the RAND function of MATLAB. Figure 2 . Strong ergodicity, weak ergodicity and periodic chains using Halton quasi-random sequence.
Size of the fuzzy
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The Table 1 and Table 2 as well as Figure 1 and Figure 2 show the total number of fuzzy Markov chains which has either a strong ergodic, weak ergodic or periodic behavior per each size of P .
Conclusion
Based on our presented results and former related results we conclude that the fuzzy Markov chains are usually periodic, and the fuzzy Makov chains generated by Halton method are more efficient in terms of periodicity than those generated by RAND function.
We shall deal with stationary and ergodic fuzzy Markov chains. We propose some algorithms to make such periodic fuzzy Markov chains ergodic.
